The evolution of dissolved organic carbon (DOC) molecular-weight fractions, DOC biodegradability (BDOC), DOC origin [fluorescence index (FI)], and enzyme activities between the stream waters (main and ephemeral channel) and ground waters (riparian and hillslope) were analyzed during the transition from drought to precipitation in a forested Mediterranean stream. After the first rains, DOC content in stream water reached its maximum value (10 -18 mg L -1 ), being explained by the leaching of deciduous leaves accumulated on the stream bed during drought. During this period, the largest molecules (910 kDa), were the most biodegradable, as indicated by high BDOC values measured during storm events and high enzymatic activities (especially for leucine-aminopeptidase). DOC 9100 kDa was strongly immobilized (78%) at the stream-riparian interface, whereas the smallest molecules (G1 kDa) were highly mobile and accumulated in ground waters, indicating their greater recalcitrance. Differential enzymatic patterns between compartments showed a fast utilization of polysaccharides in the flowing water but a major protein utilization in the ground water. The results of the FI indicated a more terrestrial origin of the larger molecules in the flowing water, also suggesting that transformation of material occurs through the stream-riparian interface. Microbial immobilization and fast utilization of the most biodegradable fraction at the stream-riparian interface is suggested as a relevant DOC retention mechanism just after initial recharging of the ground water compartment. Large and rapid DOC inputs entering the intermittent river system during the transition from drought to precipitation provide available N and C sources for the heterotrophs. Heterotrophs efficiently utilize these resources that were in limited supply during the period of drought. Such changes in C cycling may highlight possible changes in organic matter dynamics under the prediction of extended drying periods in aquatic ecosystems.
Introduction
Dissolved and particulate organic matter regulate biotic processes such as bacterial production, structure of the trophic food web, biogeochemical transformations, nutrient availability, and carbon cycling in river ecosystems [32, 42] . Dissolved organic carbon (DOC) comprises most of the reduced carbon in streams and rivers [44] and is removed from water through biotic (uptake) and abiotic pathways (physical-chemical adsorption and photochemical pathways [24, 26] ). The quantity and quality of DOC transported by a river system is the combined result of flushing of the watershed, including the leaching of leaves and branches produced by riparian vegetation, and instream primary production [38] on one side, and the described retention processes on the other side. The surface-groundwater interface is a zone that controls the flow and retention of organic and inorganic nutrients between terrestrial and aquatic environments [11] . The hyporheic zone, where channel waters and ground waters mix, can be a sink for DOC as a result of the microbial activity using the more labile molecules and/or by adsorption of organic molecules onto particles [28] .
There is typically a summer drought period in Mediterranean intermittent streams, when hydrologic connectivity between surface water and ground water is lost. Certain subareas of the channel areas become pools where sediments and organic detritus accumulate and cannot be exported [27] . Carbon limitation for the microorganisms during these dry periods has been described, favoring benthic autotrophic production [23] . In Mediterranean catchments, severe drought periods can be followed by intense rainfall, often leading to major floods. The transport of materials through the stream after drought periods might be strongly affected by the nature of the organic matter accumulated during drought. During the dry to wet interface, nitrate and DOC mobilization have been observed [4, 8] . Infiltration/exfiltration processes occur at the surface-groundwater interface because of the variable hydrology in intermittent Mediterranean streams. Varying hydrological conditions determine the temporal variability of microbial processes, process rates, and chemical conditions [11, 12] . Research on the effects of drought on the biogeochemistry of carbon and on carbon cycling in Mediterranean streams is increasingly relevant, because of predictions of increased drought frequency in many areas of the world [23] .
The size and bioavailability of dissolved organic molecules determine their microbial utilization in surface and hyporheic waters [3, 15, 31] . Thus, knowledge of composition and bioavailability of DOC molecules transported within intermittent streams, as well as of their origin and fate, is key to an understanding of carbon cycling in these watersheds. It is therefore essential to combine physical and/or chemical analysis of DOC with its potential microbial use. In this sense, extracellular enzyme activities provide a useful tool because their synthesis is regulated by the nature and abundance of available organic molecules, providing information on the quality of organic matter that is being degraded [10] . On the other side, the fluorescence index (FI) gives information on the origin of the dissolved fulvic acids, indicating a more Bterrestrially derived^or Bmicrobially derivedô rigin as a result of the changes on its aromaticity [30] . The index may highlight possible changes and transformations in DOC origin along the water flow path.
This study was performed during the abrupt hydrological transition between the summer drought period and the autumnal-winter humid period. Most field studies that have focused on nutrient retention in the stream and/ or in ground waters have used experimental stream reaches and/or riparian plots under basal discharge conditions (e.g., [18] ). Moreover, streams with characteristic abrupt changes in discharge and/or of groundwater levels are very often avoided in field studies because they are considered a source of noise that makes the interpretation of results much more complex. However, hydrological changes are essential to an understanding of the hydrological and chemical functioning of catchments [22] . Butturini et al. [9] suggest that low-magnitude storm events dominated by groundwater flow are best suited for investigating the influence of the stream-riparian interface on stream biogeochemistry. With this perspective, our work provides evidence that abrupt hydrological changes in stream and ground waters that occur during the transition from drought to humid conditions should not be considered a Bsource of noise.^On the contrary, these changes represent a natural experiment that provided an excellent opportunity to study the fate of DOC across the stream-riparian interface.
In this study, we show the differences/similarities in DOC quantity, size fractions, FI, bioavailability, and enzyme activities between surface waters and ground waters in an intermittent stream draining a Mediterranean forested catchment. Our objective is to investigate how large inputs of organic matter would affect DOC immobilization/retention and transformation across the stream-riparian interface. We hypothesize that under these postdrought conditions, fast transformations of DOC input might occur at the stream-riparian interface and that the microbial community might selectively utilize the most available carbon sources.
Methods

Study Site.
Fuirosos is a third-order stream draining a small (16.2 km 2 ) forested granitic catchment lying close to the Mediterranean Sea (NE Spain, 41-42 0 N, 2-34 0 W, 50-770 m asl). The climate is typically Mediterranean, with temperatures ranging from 3-C in January to 24-C in August. Precipitation is distributed irregularly, autumn and spring having the most rainfall, whereas summer storms occur only occasionally. Mean flow of the Fuirosos is 7-20 L s -1 and discharge is intermittent; a long summer dry period is followed by a short but intense stream recharge period in late summer-early fall with a subsequent humid period lasting until late spring. The shallow alluvial aquifer is characterized by relatively high hydraulic conductivity (4.8-19 m day -1 ) and variable discharge (0.03-1.5 m day -1 ). During the stream recharge period, groundwater levels increase abruptly and the stream water can infiltrate 10 m into the adjacent stream riparian zone [8] .
Riparian vegetation is dominated by plane tree (Platanus hispanica) and alder (Alnus glutinosa). The riparian tree community suffers intense hydric stress in summer, during the dry period when the groundwater level is between 0.5 and 3.4 m below the ground surface. This stress causes an increased leaf input of up to 30 g C m -2 , which accumulates on the stream bed and stream margins [2] . Leaf input into the river channel also occurs in autumn (especially Alnus leaves) and late winter (especially Platanus leaves) [37] .
DOC concentration in stream water ranges from 2 to 3 mg L -1 throughout the hydrological under basal discharge conditions. During the stream recharge period (September-October), however, stream DOC concentra- ) subwatershed. Samples from the riparian ground water were collected by pumping out the water (ISCO field peristaltic pump) from a well (2.5 m depth, 15 cm diameter) in the sandy-gravel layer located 3 m from the stream channel. A previous study demonstrated that ground water depth fluctuations in the riparian well followed the same pattern as that of the stream water, reflecting the hydrological connection between surface water and riparian groundwater near the stream edge [8] . Samples of stream water and riparian ground water were collected on eight occasions. In the stream channel, four samples of the first flowing water were also collected for the analysis of DOC molecular-weight fractions. The ephemeral channel and the well in the forest hillslope were dry at the beginning of the monitoring period and water samples were collected exclusively after a heavy rain storm on October 15, 2003.
On each sampling occasion, 8-20 L of water were collected and preserved at 4-C for transport back to the laboratory. Samples were analyzed for DOC fractionation (ultrafiltration), fluorimetry (FI), and biodegradability [analysis of biodegradable dissolved organic carbon (BDOC)]. Furthermore, silica and chloride were analyzed and used as conservative tracers [22, 39] to discern the hydrological contribution of stream and hillslope ground waters to riparian ground water.
Samples from the Fuirosos stream, riparian groundwater, and the ephemeral channel were also analyzed for extracellular activities of the enzymes b-glucosidase and leucine-aminopeptidase on October 20, 2003 . Discharge was high (400 L s -1 ) and stream water was brownish on this sampling date.
Hydrology and Dynamics of Conservative SolutesR
Water levels in surface waters (stream and ephemeral channel) and riparian groundwater were continuously monitored with water pressure sensors (Campbell CS401) connected to a data logger (Campbell CRX 10). Stream water discharge was measured on each sampling date by mass balance calculation following the Bslugĉ hloride addition method [17] . Continuous stream discharge was then estimated by using an empirical relationship between measured discharges and corresponding stream water levels.
Samples for chloride and silica analyses were intensively collected from the four water bodies during the study period (n = 39 for chloride and n = 30 for silica for stream water; n = 16 for riparian ground water; and n = 5 for hillslope ground water and ephemeral channel water). Chloride was estimated with capillary electrophoresis (Waters \ CIA-Quanta 5000) [35] , whereas silica was measured with an inductively coupled plasmaatomic emission spectrometer (Thermo Jarrell Ash Iris Advantage ER/S).
DOC Size Fractions and Bioavailability
Sample preparation and DOC analysis. Water samples (8-20 L) were filtered on the same day as sampling (precombusted, Whatman GF/F, and 0.2 mm porous size nitrocellulose filters, Whatman) to eliminate particles and bacteria as a prior step to the ultrafiltration, and then preserved at 4-C. Filtered subsamples (20 mL) from each filtration step (GF/F and 0.2 mm) were collected for further analyses measuring total DOC (three replicates) and the FI (three replicates).
All samples for DOC analyses (total DOC and DOC fractions, BDOC measurements) were preserved with sodium azide (2.7 mmol L -1 ) until further analysis. The glass flasks and ampoules were previously heated for 4 h at 550-C to prevent the release of DOC. DOC was estimated with a Skalar \ 12 SK TOC analyzer with UV-promoted persulfate oxidation.
DOC fractionation. Each whole prefiltered sample was ultrafiltrated by tangential flow ultrafiltration (Prep-Scale TFFI, Millipore). Initial volume for ultrafiltration was generally 10 L, although the initial volume was 5 L on occasions. Samples were ultrafiltrated consecutively through 100 kDa, 10 kDa (by a concentration factor of 20-25 times) and 1 kDa (by a concentration factor of 10 times) membranes. Subsamples (20 mL) of each concentrated fraction were collected for DOC analysis (three replicates) and determination of the FI (three replicates).
Biodegradability. Biodegradable DOC was measured following the procedure described by Servais et al. [40] . We incubated 200 mL of filter-sterilized water (precombusted GF/F and 0.2 mm cellulose nitrate membrane filters, Whatman) with 2 mL of water inoculum (same-site water only filtered by Whatman GF/F). Samples (four replicates per water compartment) were incubated immediately after arrival at the laboratory (ca. 3 h after sampling) for 28 days at room temperature (20-24-C) and in the dark.
Fluorescence Index.
Filtered water samples for the fluorescence analysis (from total DOC and molecular-A.M. ROMANí ET AL.: DOC SIZE FRACTIONS AND BIOAVAILABILITY AFTER DROUGHT weight fraction samples, 10 mL samples) were preserved at 4-C and the pH adjusted to 2 with concentrated hydrochloric acid [30] . To check for emission peak wavelength, fluorescence scans at 370 nm excitation wavelengths were conducted and blank-corrected (Milli-Q water acidified with HCl to pH 2). Emission peak wavelength was about 450 nm for all sample types (surface and ground water). For all samples, fluorescence was measured at 370 nm excitation and 450 and 500 nm emission wavelengths, and blank-corrected. FI was calculated as the ratio of emission intensity (450 nm/500 nm) with excitation at 370 nm [30] . were also incubated. At the end of the incubation, glycine buffer (pH 10.4) was added (1/1, v/v) and fluorescence was measured at 365/455 nm excitation/emission for MUF and 364/445 nm excitation/emission for AMC (Kontron, SFM25). Enzymatic kinetic parameters, V max (maximal reaction velocity) and K m (apparent Michaelis constant) were calculated by nonlinear regression analysis (MichaelisMenten hyperbola). The turnover time of substrate hydrolysis (K m /V max ratio) was also calculated [34] . This measured Bturnover time^is a Bpotential^turnover time for polysaccharides and peptides because of the simplicity and easy availability of the artificial substrates used.
Statistical Analyses.
Differences in DOC composition between the different water compartments were analyzed by using t tests of paired values. Comparisons were performed between Fuirosos stream and riparian ground water, between Fuirosos stream and ephemeral channel, and between riparian ground water and hillslope ground water. Pearson correlation analyses were performed to analyze the possible covariation of the variables measured in the different water bodies.
Results
Hydrology and Dynamics of Conservative SolutesR
Stream hydrology showed two clearly contrasting subperiods. The first subperiod began on September 5, when a series of rain events (total precipitation 13 cm) reestablished an intermittent low flow (less than 4 L s -1 ) after 2 months of drought. The second subperiod began on October 15, and was characterized by more severe rain episodes (total precipitation = 18.6 cm), causing high discharge and an increase in basal discharge to 15 L s -1 (Fig. 1 ). After water flow had reestablished in the main channel, the stream water rapidly recharged the riparian groundwater compartment and resulted in an abrupt increase in the groundwater level (Fig. 2) . Stream water and the riparian groundwater levels covaried over the study period (Fig. 2) . The wells located on the forest hillslope and the ephemeral channel remained dry during the first subperiod. Runoff was permanent from October 15 to November 8 in the ephemeral channel and covaried with that in the main stream channel (Fig. 1) .
Chloride content in stream and riparian ground waters covaried over the entire study period (r = 0.95, n = 12, p G 0.001) and temporal dynamics reflected the two contrasting hydrological conditions (Fig. 3) . High solute concentrations occurred during the initial low flow conditions and an abrupt dilution occurred at higher discharge. Chloride concentration was significantly higher in riparian ground water during the low flow period than in the stream water (paired t test, df = 5, p G 0.01). At higher flows, these 
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A.M. ROMANí ET AL.: DOC SIZE FRACTIONS AND BIOAVAILABILITY AFTER DROUGHT differences disappeared (paired t test, df = 5, p 9 0.05) and chloride concentration in stream water was equal to that measured in water flowing in the ephemeral channel (paired t test, df = 3, p 9 0.05) and significantly lower than that measured in the forest hillslope ground water (paired t test, df = 4, p G 0.01) (Fig. 3) . Silica concentrations were nearly constant throughout the study period (Fig. 3) . The concentration in stream water was identical to that measured in riparian ground water (paired t test, df = 10, p 9 0.05) and slightly lower than that measured in the ephemeral channel (paired t test, df = 4, p G 0.05.). In contrast, the silica content in hillslope ground water was noticeably higher than in stream water (paired t test, df = 4, p G 0.001) (Fig. 3) .
These hydrometric and geochemical observations indicate that stream water recharged the riparian groundwater compartment during the study period, whereas the influence of hillslope ground water on riparian ground water could not be detected. In the ephemeral watershed, similarities in water chemistry between the Fuirosos stream and the ephemeral stream indicate that the contribution of surface runoff from ephemeral subwatersheds to the Fuirosos is relevant during these episodes.
Total DOC Dynamics and BiodegradabilityR
Maximal DOC concentrations in the Fuirosos stream were observed after the first postdrought rains during the study period (18 mg L , the typical basal values during the humid period in this stream [4] . DOC dynamics of the riparian ground water followed the same time pattern as DOC dynamics in the Fuirosos stream (r = 0.82, n = 8, p = 0.014), although DOC concentrations were consistently lower in the former than in the latter (mean of 56% lower, paired t test, df = 7, p G 0.01; Fig. 4, Table 1 ). In hillslope ground water, DOC concentrations averaged 1.7 mg L -1 and had similar values to those in riparian ground water (paired t test, df = 3, p 9 0.05; Fig. 4, Table 1 ). In the ephemeral channel, DOC concentrations were similar to those in the Fuirosos (paired t test, df = 2, p 9 0.05; Fig. 4, Table 1 ).
The biodegradable fraction of DOC (BDOC) was higher in the Fuirosos stream water than in the ground water (paired t test, df = 6, p G 0.05; Table 1 ). Highest values of BDOC were reached at the beginning of the study period in the stream water (15% of DOC), especially after heavy rains in mid-October (49% of DOC) (Fig. 4) . During high BDOC peaks, major differences in %BDOC were observed between stream water and riparian ground water, indicating that retention was occurring at the stream-riparian groundwater interface (Fig. 4) . BDOC concentrations in the ephemeral channel water and in the hillslope ground water were not significantly different from those measured in stream water and in the riparian groundwater, respectively (paired t test, df = 2, p 9 0.05).
DOC Molecular-Weight Fractions.
In stream water during the study period, the smallest DOC fractions (G1 and 1-10 kDa) covaried significantly with total DOC ( The concentrations of the larger molecules (9100 and 10-100 kDa) were also high at the beginning of the study but their concentrations decreased sharply and their temporal patterns did not covary with that of total DOC (r = 0.167, p = 0.693 and r = -0.132, p = 0.755, n = 8, respectively).
In the riparian groundwater, the concentration of the smallest DOC fraction (G1 kDa) was similar to that measured in the stream water (Fig. 5 , paired t test, df = 7, p 9 0.05). However, the DOC concentrations of the other three molecular fractions in riparian ground water were (n = 7 for BDOC) (n = 7 for BDOC) (n = 3 for BDOC) Values are means T standard errors and percentage of the total DOC (in parentheses). The fluorescence index (FI = ratio between fluorescence at 450/500 nm emission at 370 nm excitation wavelength) and BDOC (biodegradable DOC) are also shown.
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A.M. ROMANí ET AL.: DOC SIZE FRACTIONS AND BIOAVAILABILITY AFTER DROUGHT significantly lower than that in the stream water (paired t test, df = 7, p G 0.05).
After the heavy rains in October, the concentration and evolution of the different fractions of DOC in the ephemeral channel water were identical to those measured in the stream water (paired t test, df = 2, p 9 0.05), excepting a higher concentration in the ephemeral channel than in the stream of the 1-10 kDa molecules ( Fig. 5 ; paired t test, df = 2, p G 0.05). In hillslope ground water, concentrations of DOC fractions were similar to those measured for the riparian ground water ( Fig. 5 ; paired t test, df = 3, p 9 0.05). Concentrations of the different molecularweight fractions of DOC in the different compartments during the study period are summarized in Table 1 .
Estimation of DOC Retention.
Differences in DOC concentration in stream water and riparian ground water were attributed to retention or release processes in the saturated sediments across the stream-riparian interface, rather than to hydrological mixing between stream water and hillslope ground water (as indicated by the hydrometric and conservative solutes) thus allowing an estimate of DOC immobilization/release at the stream-riparian interface (Fig. 6 ). An immobilization of 57% for the total DOC is estimated. More specifically, an inverse relationship between DOC molecular size and DOC immobilization across the interface is observed (Fig. 6) , indicating that the smaller fraction (G1 kDa) is virtually conservative and accumulated in the riparian ground water-suggesting that it is highly recalcitrant, whereas the larger fraction (9100 kDa) is the most strongly immobilized fraction (78%) (Fig. 6) .
The FI was nearly constant throughout the study, except for a slight increase in all compartments after the heavy rains (Fig. 7) . Differences between compartments, however, were evident (Table 1, Fig. 7 ). The FI of the entire water samples (not ultrafiltered) was significantly higher for the riparian ground water than for the stream water (Table 1 , Fig. 7 ; paired t test, df = 7, p G 0.05). Differences were also significant between ground waters (higher FI in the riparian than in the hillslope ground water, paired t test, df = 3, p G 0.05) and between flowing waters (higher FI in the main than in the ephemeral channel, paired t test, df = 2, p G 0.05).
The FI showed higher values for the smaller molecules and lower values for larger molecules (Fig. 7) . The G1 kDa molecules had the highest FI value (2.1-2.2). No significant differences were observed between water compartments, indicating a similar composition of small fulvic acids in the stream and groundwater compart- A.M. ROMANí ET AL.: DOC SIZE FRACTIONS AND BIOAVAILABILITY AFTER DROUGHT ments. Significantly higher FI values for the larger DOC fractions (1-10, 10-100, and 9100 kDa) were measured in the riparian ground water than in the stream water (paired t test, df = 7, p G 0.05).
Enzyme Activities.
The highest b-glucosidase activity was measured for the ephemeral channel, followed by the stream water, whereas the lowest was measured for the riparian ground water (Fig. 8) . Turnover time of substrate hydrolysis for b-glucosidase (slower turnover) in riparian ground water was 1 order-of-magnitude longer compared to turnover times for stream water and ephemeral channel water (faster turnovers; Fig. 8 ).
In contrast, the highest leu-aminopeptidase activity across compartments was measured for riparian ground water, followed by stream water and ephemeral channel water (Fig. 8) . Turnover time for substrate hydrolysis for leu-aminopeptidase activity was slowest for stream water, followed by riparian ground water and ephemeral channel water, although turnover times for the three water compartments were in the same range (Fig. 8) .
All waters showed a clearly higher leu-aminopeptidase activity (higher V max and lower turnover time) than b-glucosidase activity (Fig. 8) . The b-glucosidase/leuaminopeptidase ratio was 0.0042 and 0.0146 for stream water and ephemeral channel, respectively. This ratio was much lower (0.0008) for the riparian ground water, indicating greater utilization of nitrogenous organic compounds than polysaccharidic compounds, especially in the riparian ground water.
Discussion
Pulsed storm events after drought drive the largest inputs of fresh organic matter, enhancing microbial respiration and enzyme activity in intermittent fluvial systems, in the Mediterranean climate [2, 6] . Drastic changes in DOC and dissolved organic nitrogen (DON) have been reported during the drought-humid interface, suggesting a relevant interaction with the available organic matter and the microbial processes that take place in the streambed and hyporheic sediment [5] . In this study, an effective retention of the most available DOC sources after drought is shown.
In forested watersheds, the main source of organic molecules transported by the water just after rewetting and severe storm events might come from leaf leaching, containing humic substances, carbohydrates, peptides, and organic acids [21] . In Fuirosos, DOC content in stream water reached its maximum value (10-18 mg L -1 ) after the first rains in September. This DOC peak might be explained by the leaching of abundant deciduous leaves (Platanus and Alnus) accumulated on the stream bed during the drought period (81 g C m -2 by late summer, 2). Moreover, there is substantially less accumulation of leaves and organic matter on the stream of DOC; unpublished data from authors). Thus, increased leaching of DOC after drought in the intermittent Mediterranean stream had a bearing on DOC concentrations in both the flowing water and also in the riparian groundwater compartment, which is being directly and rapidly recharged by the flowing channel water (3-4 h, Fig. 2 ). The microbial availability of such high DOC input, especially after the hydrological conditions permit a connection between the river and the watershed, is indicated by the peak of BDOC just after the storm events as well as the high extracellular enzyme activities measured in the river water. At this moment, extracellular enzymes were in the upper values of those reported for eutrophic freshwater ecosystems [33] . Extracellular enzyme synthesis is regulated by the nature and abundance of available organic molecules, providing information on the quality of organic matter that is being degraded [10] . The extremely low b-glucosidase: peptidase ratio indicates that available DOC during the hydrological transition period is made up of a larger proportion of organic nitrogen compounds than carbohydrates, coinciding with a decrease in the DOC/DON ratio during this period [5] . Although carbohydrates are generally more abundant than peptides in river water [20, 43] and increased levels are usually measured during storms [19] , combined amino acids might constitute a large proportion of BDOC during storm events after drought [7, 25] . Volk et al. [44] showed that the amino acid portion of the BDOC was very important in the combined form and that the amino acids were primarily humic bound in stream water. During this transition period, the larger molecules (910 kDa) are the first to be exported and diluted in river water, and are probably the most biodegradable because they coincide with large quantities of BDOC, disappear fast from the river water, and are strongly retained in the stream-riparian interface. Retention of DOC is mainly attributable to the strong immobilization (78%) of the larger fraction (9100 kDa; Fig. 6 ), whereas the smaller fraction is conservative (Fig. 6 ) and probably highly recalcitrant. The largest DOC fraction (910 kDa) was also observed to be most labile in a study of leaching from riparian litterfall [29] . The immobilization of the larger and most biodegradable fraction suggests that retention by microorganisms is the main retention mechanism in these Mediterranean stream ecosystems throughout the dry-humid interface period. Microbial consumption of DOC in hyporheic flowpaths has been observed in different river ecosystems, especially in downwelling areas [14, 28] . A strong positive relationship between DOC loss and bacterial productivity along riparian flowpaths and hyporheic flowpaths has also been observed [41, 42] . Marmonier et al. [28] found that BDOC in a downwelling zone decreased through time over depth more than recalcitrant DOC, suggesting that the BDOC fraction was being used by bacteria, whereas the recalcitrant fraction of the interstitial DOC adsorbed to fine sediment particles. Rapid utilization of DOM has been observed in the hyporheic zone [13] , and microbially mediated DOC retention has also been suggested by Fischer et al. [16] . Sabater et al. [36] observed substantial assimilation of G1 kDa molecules during low flow periods, but bacteria used up primarily the 1-10 and 910 kDa fractions during the high discharge periods.
Microbial utilization and transformation of the larger molecules from the DOC pool through the stream-riparian interface is also illustrated by the distinct results of the extracellular enzymes and FI in the river and ground water compartments. Fast decomposition and utilization of labile polysaccharides occur at the stream riparian interface as indicated by the low turnover time and high b-glucosidase activity in the river and ephemeral channel water (Fig. 8) . As described by Amon and Benner [3] , such less altered high molecular-weight molecules from fresh organic material are highly reactive and readily utilized by microorganisms. After this fast transformation, less available polysaccharides reach the groundwater compartment as indicated by the slower turnover time and lower bglucosidase activity. In contrast, a more important utilization of peptides occurs in the groundwater. The FI also shows differences between river and ground waters. It is an indicator of the aromaticity of the dissolved fulvic acids [30] . More Bterrestrially derived^fulvic acids occur in the flowing waters and more Bmicrobially derived^fulvic acids occur in the ground waters together with smaller amounts of aromatic carbon and a lower C/N ratio (Fig. 7 , [30, 45] ). Differences in FI between flowing waters and ground waters are mainly attributable to the larger molecules (Fig. 7) , underlying the transformation of these S t r e a m w a t e r R i p a r i a n g r o u n d w a t e r E p h e m e r a l c h a n n e l S t r e a m w a t e r R i p a r i a n g r o u n d w a t e r E p h e m e r a l c h a n n e l Figure 8 . b-Glucosidase and leucine-aminopeptidase activities in the Fuirosos stream water, riparian ground water, and ephemeral channel water. V max values (TSE) are indicated after the nonlinear regression analyses of the data. Turnover times for substrate hydrolysis are also shown for the two enzymes.
larger molecules in the stream-riparian interface during the study period. The FI results should be interpreted with caution, however, because all values are in the upper range of those reported in the literature [30] . The enzyme and FI results suggests that the DOC compounds in the flowing waters, especially the most biodegradable fraction, are larger molecules with a terrestrial origin surrounded by easy biodegradable compounds such as polysaccharides or peptides [31] . The low molecular-weight fraction in groundwaters might be attributable to a recalcitrant core after decomposition of the larger molecules [20] . Abiotic retention could also occur during this period, and this should be tested with specific experiments. However, the highly porous media of the Fuirosos sand and the differential changes in DOC size fractions and enzyme activities between compartments suggest that biotic retention is the major mechanism for DOC immobilization during the drought-humid interface.
The microbial community in the surface, hyporheic, and riparian sediment in this intermittent Mediterranean stream is efficiently using the more biodegradable C and N sources after the drought period, when autumn storms return flow to the channel. Research in a following autumn with prewet conditions (no summer drought) shows that DOC retention decreased to 28% with no selective retention of the different molecular-weight fractions (Vázquez, unpublished results), underlying the important DOC retention (57% of total DOC, 78% for DOC 9100 kDa) during this dry-humid period. Microbial utilization of DOM molecules is the first step for C cycling and renders the DOM available for consumer organisms. Therefore, major DOC inputs, specifically the most biodegradable molecules, entering into such a Mediterranean intermittent river system might have a major impact on the trophic structure of the ecosystem. The development of a rewetting postdrought macroinvertebrate community was observed [1] , which may be related to changes in the availability of labile organic matter. In intermittent streams subject to a highly variable precipitation regime, there also is a large loss of inorganic N and C during channel rewetting [5] , potentially resulting in nutrient limitation for microorganisms. Efficient uptake and rapid turnover of biodegradable fractions of DOC could be a survival mechanism for microbial communities living in the changing environment of an intermittent stream ecosystem.
Such changes in C cycling may highlight possible changes in organic matter dynamics under the prediction of extended drying periods in aquatic ecosystems [23] .
